This note is motivated by preparations of a new ep elastic scattering experiment in the low transfer momentum region to be carried out in the 720 MeV electron beam of the Mainz Microtron MAMI. This experiment will use an innovative method allowing for detection of recoil protons in coincidence with the scattered electrons. The goal is to measure the ep differential cross sections in the Q 2 range from 0.001 GeV 2 to 0.04 GeV 2 and to determine the proton charge radius with sub-percent precision.
In the ep elastic scattering experiments, the proton charge radius is extracted from the slope of the electric form factor at the momentum transfer squared Q 2 →0. In order to estimate the level of statistical and systematic errors in the extracted proton radius, we simulated the ep elastic scattering differential cross section using the proton form factor available from analysis of the experimental data from the A1 experiment at Mainz. Then the proton radius was extracted from fitting the simulated pseudo-data with the cross section calculated using a Q 2 power series expansion of the proton electric form factor up to the Q 8 term. About 70 million of the ep elastic scattering events were generated in the Q 2 range from 0.001 GeV 2 to 0.04 GeV 2 , that corresponds to the statistics to be collected in our experiment in 45 days.
For the considered Q 2 range and statistics, the main conclusions of these studies are as follows:
• The extracted value of the proton charge radius is not sensitive to the Q 8 term, so this term can be neglected in the fits.
• The fits with four free parameters (A, < r 
Introduction
The striking difference in the proton charge r ms-radius extracted from the two types of experiments, the elastic ep scattering experiments ( R p = 0.879 (5)(6) fm [1] , Rp = 0.875(10) fm [2] ) ) and the muonic Lamb shift experiments( R p = 0.8409 (4) fm [3] ), so called "proton radius puzzle", is widely discussed.
As it is generally agreed, new high precision measurements of the ep scattering differential cross sections in the low momentum transfer region are needed to resolve this puzzle. Recently, a new experiment was proposed by our collaboration [4] to be carried out in the 720 MeV electron beam of the Mainz Microtron MAMI. An innovative method will be used allowing for detection of recoil protons in coincidence with the scattered electrons. The goal of this experiment is to measure the ep differential cross sections in the Q 2 range from 0.001 GeV 2 to 0.04 GeV 2 with 0.1 % relative and 0.2% absolute precision and to determine the proton charge radius with sub-percent precision. In this Q 2 range, about 70 million ep elastic scattering events should be collected in 45 days of the beam time. This note considers possible algorithms of analysis of the experimental data from this experiment. In order to estimate the level of statistical and systematic errors in the extracted proton radius, we simulated the ep elastic scattering differential cross section using the proton form factor available from analysis of the experimental data from the A1 experiment at Mainz. Then the proton radius was extracted from fitting the simulated pseudo-data with the cross section calculated using various approximations for the Q 2 dependence of the proton form factor.
Generation of ep scattering events
For this analysis, the ep scattering events were generated according to the following function describing the ep elastic scattering differential cross section:
where -t = Q 2 ; α = 1/137.036; M is the proton mass (M = 938.272 MeV); ε e is the total electron energy (ε e =720.5 MeV); G E (Q 2 ) and G M (Q 2 ) are the electric and magnetic form factors, respectively. We have accepted the following approximation valid for the small Q 2 region:
G E (Q 2 ) is taken as a power series expansion:
where The ratio of these cross sections is K = 0.976363. As it follows from eqs. (1) and (2), the ratio of the differential cross sections gives the form factor squared in function of Q 2 :
We find this ratio by generating two similar samples of the ep scattering events: one for R p =0.8775 fm and another one for R p = 0. These samples should correspond to the same luminosity. That means that the number of generated events for R p = 0.8775 fm should be by a factor of K = 0.976363 less than that for R p = 0. Then the value of (G E ) 2 i in each bin can be obtained by the ratio of the numbers of generated events in that bin:
In order to reduce contribution of fluctuations in
, the (R p =0) sample is generated with 100 times larger statistics, therefore eq. ( 5) is transformed to:
The ep scattering events were generated using the ROOT framework. Besides the analytical function of d σ/d t , we use as the input parameters: the Q 2 range, the binning within this range, and the total number of generated events. At the level of the events generation, we use 1000 bins of equal width in the Q 2 range 0.001 GeV 2 ≤ Q 2 ≤ 0.04 GeV 2 with a possibility of further re-binning of the generated N ev (R p =0) = 7.13227·10 9 /100 events.
Binning: 1000 bins. Table 1 .
Fitting of the
To fit the generated G 2 E (Q 2 ) distributions, we use the power series expansion of the form factor:
with the constants B n and C n as in eq.( 3). The goal was to see how many Q 2 terms should be retained in this expression to provide minimal combined statistical plus systematic error in determination of the proton radius. The following options have been tested: Option 1: A, R2, R4, R6 are free parameters, R8 is a fixed variable. Option 2: A, R2, R4 are free parameters, R6 and R8 are fixed variables. Table 1 compares the statistical errors in R2 and R4 obtained by fitting the generated G 2 E (Q 2 ) with G E (Q 2 ) f i t represented by eq. ( 7) with four or three free parameters for statistics planned to collect in 45 days of continuous running of the experiment. Table 1 , one can see that reduction of the number of free parameters by fixing R6 to some fixed value reduces the statistical error in determination of the proton radius by a factor of two ( from ± 0.0085 fm to ± 0.0041 fm). Also, the R4 parameter is determined with 8% precision in this fit.
Statistical errors in measurements of the proton radius

Systematic biases in measurement of the proton radius
We have performed a number of fitting sets with various fixed values of R6 and R8 to study possible systematic biases related to this procedure. In each fitting set the fit was repeated 1000 times with independently generated G 2 E (Q 2 ) distributions. Figures 3 and 4 show the examples of such fits with four free parameters and with three free parameters, respectively. The re-binning of these distributions to 100 bins gives identical fitting results, except the χ 2 distribution becomes wider by a factor of three (Fig. 5 ). As it follows from Fig. 4 , the fits with three free parameters can provide 0.0072/0.770 = 0.94% statistical precision in determination of R2 (0.47% precision in R p ). In addition, R4 is measured with 8% statistical precision. In these fits, R6 and R8 were fixed to 26 fm 6 and to zero, respectively. To see the sensitivity of obtained values of R2 and R4 to the chosen value of R6, the fits were repeated with R6 = 10 fm 6 and 35 fm 6 . The results are presented in Figs. 6, 7 and in Table 2 .
As concerns the influence of parameter R8 on measurement of R2, it is proved to be practically negligible, as it follows from comparison of Fit1 with Fit2 in Table 2 . The variation of R8 from 374 fm 8 to zero shifts the value of R2 by 0.13% (0.065% shift in R p ). On the other hand, the sensitivity of the extracted value of R2 to the fixed values of R6 is more essential (Fits 3,4,5) . The variation of R6 from 10 fm 6 to 35 fm 6 resulted in a systematic shift of R2 by 1.2 % (0.6% in R p ). The width of these distributions proved to be identical for all considered spectra.
The systematic biases were studied also by another method when the simulated cross sections were generated with 1000 times higher statistics: (N ev (R p = 0.8775 fm) = 6.96369·10 10 events and N ev (R p = 0) = 7.13227·10 10 events). The results are presented in Table 3 . As it follows from Fits 1,2,3
in Table 3 , variation of R8 from R8 = 0 to R8 =700 fm 8 resulted in a 0.2% shift in the extracted R2
value. Therefore, it is safe to fix R8 at R8 = 374 fm 8 and consider the systematic error in R2 due to uncertainties in R8 to be on a level of ± 0.1 % ( 0.05% in R p ). While fixing the R6 parameter, it is natural to take into account the results of previous analyses of the ep scattering data. According to [6] , R6 = 29.8 (7.6)(12.6) fm 6 and R4 = 2.59 (19)(04) fm 4 . Therefore, we can fix R6 at 26 fm 6 with uncertainty of ± 15 fm 6 . As one can see from Fits 4, 5, 6 in Table 3 , such uncertainty in R6 leads to ± 0.8% systematic errors in R2 (± 0.4% in R p ). As to the R4 parameter, it can be determined directly from our experimental data, and comparison with the A1 data could be used as a cross check. (2) 3.00(7) +0.37
Additional study of the systematic shifts in the R2 values was done by fitting the ratio of the differ-
) generated with high statistics for three options of the polynomial Form Factor, FF1, FF2, and FF3, with variations of the R4, R6, and R8 values consistent with the uncertainties of the A1 data. The fitting function contained three free parameters (A, R2, R4), while the R6 and R8 parameters were fixed to 26 fm 6 and to 374 fm 8 , respectively. The results are presented in Table 4 . Table 4 shows that the fits with a fixed R6 parameter (R6 =26 fm 6 ) reproduce R2 with ± 0.56 % systematic error (± 0.28% error in the proton radius), assuming that the R6 value in the real experimental data will be in the limits 11 fm 6 < R6 < 41 fm 6 . consistent with the uncertainties of the A1 data. The generated pseudo-data were fitted with a polynomial function 
Summary
In conclusion, Table 5 presents the statistical and systematic errors related to the procedure of extraction of the proton charge radius from the experimental data expected in our experiment. Free parameters [7] Some other options of the analysis are presented in the ANNEXes to this note.
Annex 1. Fits with fixed ratio η = R6/R4
The parameter R6 is rather strongly correlated with R4 as it can be seen from Table 6 . Therefore, instead of R6, one can try to use in the fitting function the ratio η = R6/R4. That is, instead of eq. ( 7), to use the following expression in the fits:
where η is a variable parameter. This fitting function was used to fit the pseudo-data generated with the Bernauer's Form Factor, following the procedure described above in this note. The value of η was varied from η= 6 to η= 12, with R8 = 374 fm 8 . The fitting procedure is illustrated by Table 7 . As it follows from Table 7 , the variation of the ratio R6/R4 from 6 fm 2 to 12 fm 2 resulted in a 1%
shift in the value of R2 ( 0.5% shift in R p ).
In other words, with the ratio R6/R4 fixed to 8 fm 2 , one can expect a systematic bias in the measured rms-proton radius ∆R p = ± 0.0014 fm, assuming that in the real experimental data this ratio will be between 6 fm 2 ( DiχEFT) and 10 fm 2 (Bernauer) . 
Panel e).
Results of one fitting set with super high statistics : 7 ·10 9 events. All fit conditions are as above. Table 8 
